In this report, we explore retinoblastoma diagnostic accuracy and review chemotherapy alternatives for retinoblastoma using intravenous, intra-arterial, periocular, and intravitreal routes. A review of 2775 patients referred for management of retinoblastoma, disclosed 78% with confirmed retinoblastoma and 22% with simulating lesions, termed pseudoretinoblastomas. Children r2 years old showed leading pseudoretinoblastomas of persistent fetal vasculature, Coats disease, and vitreous haemorrhage, whereas those 45 years showed simulators of Coats, toxocariasis, and familial exudative vitreoretinopathy. The diagnosis of retinoblastoma should be established before planning therapeutic strategy. Chemotherapy strategy depends on tumour laterality and stage of disease. If bilateral retinoblastoma, intravenous chemotherapy (IVC) is important as first-line therapy for control of intraocular disease, prevention of metastasis, and reduction in prevalence of pinealoblastoma and long-term second malignant neoplasms. Bilateral groups D and E retinoblastoma receive additional subtenon's carboplatin boost for improved local control. If unilateral disease is present, then intra-arterial chemotherapy (IAC) is often considered. IAC can be salvage therapy following chemoreduction failure. Unilateral retinoblastoma of groups D and E are managed with enucleation or globeconserving IVC and/or IAC. Intravitreal chemotherapy is cautiously reserved for recurrent vitreous seeds following other therapies. In conclusion, the strategy for retinoblastoma management with chemotherapy depends on tumour laterality and stage of disease. Bilateral retinoblastoma is most often managed with IVC and unilateral retinoblastoma with IAC, but if advanced stage, combination IVC plus IAC or enucleation.
Introduction
Retinoblastoma is a serious ocular malignancy that manifests covertly with painless leukocoria and threatens survival of the patient. 1, 2 This intraocular malignancy, if untreated, can lead to death within 1-2 years. Advanced disease with massive tumour, invasive into surrounding structures, is at greatest risk for metastasis. Worldwide, survival parallels economic development as retinoblastoma survival is approximately 30% in Africa, 60% in Asia, 80% in Latin American, and 95-97% in Europe and North America. 3 Management of a child with retinoblastoma involves a balance of patient life with globe salvage and ultimate visual potential. 4, 5 Management of retinoblastoma is a practiced art that involves tumour recognition and differentiation from simulating conditions, decision-making regarding appropriate therapeutic approach, and meticulous follow-up for detection of tumour recurrence. There are numerous tools for management of retinoblastoma including enucleation, radiotherapy by teletherapy (external beam) or brachytherapy (plaque radiotherapy), chemotherapy using various delivery routes and chemotherapy protocols, and focal treatments with cryotherapy, transpupillary thermotherapy, and laser photocoagulation. 4 Chemotherapy remains the most common method for conservative globe salvage and in this review, we will focus on chemotherapy alternatives.
Clinical features of retinoblastoma
The clinical features of retinoblastoma vary depending on the extent of tumour, often dependent on the degree of delay in diagnosis. In the United States, an evaluation of 1265 patients revealed that the most common presenting signs included leukocoria (56%), strabismus (24%), and poor vision (8%). 6 Further study on a cohort of 1196 eyes found median age at presentation of 15 months with 51% male, 49% female and 53% unilateral, 47% bilateral. 7 Zhao et al 8 from China reviewed 470 eyes and found leukocoria (47%) to be most common. On the other extreme, presentations of retinoblastoma differ. From Sudan 9 , buphthalmos (56%) and leukocoria (32%) were most common, and from Mali in Africa 10 , proptosis (55%), leukocoria (38%), strabismus (6%), and buphthalmos (2%) were found. Efforts are underway internationally to educate clinicians, nurses, patients, and entire populations for improvement in retinoblastoma detection. 11 
Classification of retinoblastoma
There have been several classifications 12 proposed for intraocular retinoblastoma, including the Reese Ellsworth Classification 13 , Essen Classification 14 , and Philadelphia Classification 15 . The most commonly used current classification is the International Classification of Retinoblastoma 16, 17 designed in Paris in 2003 based predominantly on the presence and extent of subretinal and vitreous tumours seeds, similar to the Philadelphia Classification. The International Classification of Retinoblastoma is practical and specifically applicable for chemotherapy outcomes, as it has been found predictive of treatment success following intravenous chemotherapy (IVC) ( Table 1) .
Leading simulators of retinoblastoma
The diagnosis of retinoblastoma is based on characteristic clinical features of a yellow-white retinal mass often with surrounding subretinal fluid, subretinal seeding and vitreous seeding. Ancillary testing with fluorescein angiography, ultrasonography, computed tomography, or magnetic resonance imaging can confirm the diagnosis. Fine needle aspiration biopsy or open biopsy of retinoblastoma is not performed owing to risk for local tumour dissemination. The diagnosis is established based on clinical features alone. Despite classic manifestations, retinoblastoma can display a spectrum of unusual features that overlap with other conditions (pseudoretinoblastomas) and can lead to diagnostic confusion. 18 Accurate clinical diagnosis is important to avoid mistreatment, particularly with chemotherapy. In our current series, we assessed 2775 eyes referred with possible retinoblastoma and confirmed retinoblastoma in 2171 (78%) eyes, and a simulating lesion (pseudoretinoblastoma) in 604 eyes (22%). 18 Overall, the leading pseudoretinoblastoma diagnoses included Coats disease (40%), persistent fetal vasculature (26%), and vitreous haemorrhage (5%). The pseudoretinoblastomas differed based on age at presentation (Table 1) . Of patients aged r1 year, persistent fetal vasculature (49%) was the most common pseudoretinoblastoma, whereas in children aged 42 years, Coats disease (60%) was most common ( Table 2) .
Management of retinoblastoma: general concepts
Management of retinoblastoma has evolved over four decades. 19 In the 1970s, enucleation was important for improved life prognosis. Enucleation continues to remain critical for advanced retinoblastoma, particularly in Asia and Africa. 3, 10, 11 In the 1980s, external beam radiotherapy (EBRT) was popular, but later-realized risks of radiationrelated second cancers have lead to reduction in use of this modality. In the 1990s, systemic IVC was introduced with agents of vincristine, etoposide, and carboplatin (VEC). [20] [21] [22] [23] [24] [25] [26] Currently, IVC remains prevalent worldwide for intraocular retinoblastoma control as well as prevention of systemic metastasis. In the 2000s, interest in intra-arterial chemotherapy (IAC) has been explored. [27] [28] [29] [30] 
Chemotherapy strategies
Chemotherapy with various agents and duration, usually combined with consolidation with thermotherapy, cryotherapy, or plaque radiotherapy, has been used for two decades to manage retinoblastoma. In the early 1990s, Kingston et al 20 from London recognized that a specific protocol of IVC, classically used for neuroblastoma, was particularly effective for retinoblastoma. If delivered prior to EBRT for advanced group V retinoblastoma, IVC increased tumour control with ocular salvage from 30 to 70%. 2 Others observed similar results. [21] [22] [23] These landmark observations commenced the IVC era, otherwise termed 'chemoreduction', and this era strongly continues.
Intravenous chemotherapy
The IVC protocol is used in standard dose VEC based on patient weight (Tables 3 and 4 ) and escalated to higher dose if there is bilateral groups D and/or E. 31 This chemotherapy, usually delivered with consolidation treatment, is used worldwide and is effective for intraocular retinoblastoma control as well as prevention of metastasis, pinealoblastoma, and second cancers.
Control of intraocular retinoblastoma
There have been several reports to provide evidence that three-agent IVC for 6-9 consecutive months is remarkably effective for retinoblastoma. [20] [21] [22] [23] 26, 31 According to the International Classification of Retinoblastoma in 249 consecutive eyes, globe salvage was achieved in 100% of group A eyes, 93% of group B, 90% of group C, 47% of group D, and 25% of group E eyes 26, 32 (Figure 1) . Currently, group D eyes show improved control with additional subtenon's carboplatin (20 mg/2 cc) injection and group E eyes show improved control with the addition of low-dose radiotherapy leading to globe salvage in 83% of cases or IAC leading to globe salvage in 63%. 26, 32, 33 Long-term systemic toxicity related to IVC is minimal. Transient pancytopenia and fever can be encountered, as with most systemic chemotherapy. 34 Long-term hearing and renal toxicity are rare, particularly if medications are prescribed accurately. 35, 36 Furthermore, despite inaccurate comments about fertility issues, 37 there is no evidence that current VEC regimen causes infertility. 36 Our experience in Philadelphia over nearly 20 years, has resulted in satisfactory tumour control with minimal toxicities and no fertility issues. Results from India indicate that VEC has improved survival in patients with retinoblastoma up to 95%, similar to the United States and Europe (Presentation by Honavar S at the 25th Jubilee Anniversary Meeting of LV Prasad Eye Institute, Hyderabad, India, 1 June 2012).
Worldwide, IVC with consolidation treatment continues to remain the primary conservative method for retinoblastoma management. This modality provides excellent intraocular tumour control, particularly for patients with germline mutation, with additional benefits of prevention of pinealoblastoma, reduction in second cancers, minimal systemic toxicities, and no ophthalmic toxicities.
Control of retinal detachment
Using IVC for retinoblastoma with total retinal detachment, complete resolution of subretinal fluid was documented in 76% eyes following therapy. 5 The presence of retinal detachment does not preclude use of IVC but caution is advised to withhold consolidation therapy with thermotherapy until the subretinal fluid resolves.
Saving advanced group D or E eyes
Most children with advanced groups D or E retinoblastoma are best managed with enucleation because of the massive tumour, poor visual potential, and risk for metastatic disease. However, if globe salvage is considered, particularly if the opposite eye has been enucleated, then IVC is employed to control the intraocular malignancy as well as prevent systemic metastasis. The chemotherapy protocol for IVC is similar to that used for prevention of metastasis in high-risk retinoblastoma. 38 Unfortunately, IVC alone might not completely control advanced retinoblastoma because group D eyes show 53% local intraocular recurrence and group E eyes show 75% local recurrence, necessitating EBRT, IAC, or enucleation. 26, 32 In one analysis, globe salvage was achieved using IVC followed by IAC in 67% of group D eyes and 63% of group E eyes 33 (Figures 2 and 3 ).
Preservation of visual acuity
Demirci et al 39 
Prevention of pinealoblastoma
In 2000, Shields et al 41 noted that the incidence of fatal pinealoblastoma had dropped dramatically in children who received IVC, likely related to the neoadjuvant use of chemotherapy in providing tumour control. Others believed that this finding might be related to the avoidance of EBRT. 42 Analysis of 100 consecutive children with germline mutation retinoblastoma on IVC disclosed no case of pinealoblastoma, despite the fact that it was estimated that 8-10% should have manifested pinealoblastoma. 41 We continue to observe an extremely low rate of pinealoblastoma in children on IVC.
Prevention of systemic metastasis in high-risk retinoblastoma
Patients at greatest danger for metastasis from retinoblastoma are those that display high-risk retinoblastoma, defined histopathologically as retinoblastoma with tumour invasion into the optic nerve, uvea, or a combination of both. 38, [43] [44] [45] High-risk retinoblastoma leads to metastasis in 24% of patients if not treated with systemic chemotherapy compared with 4% of those that receive IVC. 44 The International Classification of Retinoblastoma can predict those eyes with high-risk retinoblastoma. It is presumed that groups A, B, and C rarely show high-risk features, but they rarely come to enucleation for histopathological inspection. However, eyes with group D retinoblastoma show high-risk features in 15-17% and group E in 24-50% cases. 46, 47 It appears that patients with high-risk retinoblastoma should receive systemic IVC for prevention of metastatic disease as well as for control of the intraocular tumour. Kaliki et al 38 found that the standard IVC protocol using VEC resulted in complete tumour control in all (100%) high-risk cases with no evident metastasis.
Reduction in long-term second cancers
One concern with the current IVC protocol was the induction of secondary leukaemia from etoposide, In our extensive experience with nearly 500 patients treated with IVC, there has been no case of leukaemia to develop in any child treated with chemotherapy alone. Furthermore, evidence from the Surveillance, Epidemiology, and End Results database confirmed the lack of secondary leukaemia in this population. 49 Children with germline mutation retinoblastoma are at risk for long-term second malignant neoplasms. Turaka et al 49 recently reported that fewer-than-expected second cancers were found in children treated with IVC using standard six-cycle chemotherapy. In that report, only 4% of children with germline mutation retinoblastoma treated with IVC as front-line therapy developed second cancers at mean 11-year follow-up and no patient with nongermline mutation showed second cancer. 49 Based on those observations, the authors concluded that IVC is efficacious for life and vision preservation in children with retinoblastoma, without additional risk for second cancer.
Intra-arterial chemotherapy
IAC is an exciting new option for management of eyes with retinoblastoma, particularly unilateral cases. The Table 4 Indications for various chemotherapy methods for retinoblastoma
Feature
Intravenous chemotherapy Intra-arterial chemotherapy Periocular chemotherapy Intravitreal chemotherapy
Secondary therapy for recurrent/persistent tumour
Subtenon's chemotherapy as primary therapy is used in conjunction with intravenous chemotherapy for groups D and E. If intravenous chemotherapy is used as primary and secondary therapy, the regimen is changed to different agents in secondary therapy. Studies of the effects of IAC in animals has been pursued by Wilson et al. 56, 57 They showed in a monkey model with real-time imaging that IAC with melphalan caused whitening of the retinal vessels at optic disc, choroidal blanching, retinal arterial narrowing, and retinal oedema in all cases at the time of injection. They additionally showed in vitro that IAC with melphalan could be toxic to the vascular endothelium, leading to factors that might cause endothelial changes and fibrosis. 
Periocular chemotherapy
Periocular injection of carboplatin has been used for retinoblastoma control over two decades, often as an adjunct to systemic chemotherapy. Periocular chemotherapy achieves rapid levels within the vitreous in 30 min, achieves doses that are 6-10 times that achieved by intravenous route, and can last for hours. 58, 59 The route of delivery has varied as either subconjunctival or subtenon's space location. The method of injection as a plain liquid injection or injection with a vehicle, such as a Lincoff balloon, iontophoresis, long-acting fibrin sealant, or nanoparticles, has been explored. [58] [59] [60] [61] Initial reports suggested some success with subtenon's carboplatin as primary therapy. 62 Because of later recurrences, however, this therapy was used more often in conjunction with systemic chemotherapy to boost the local dose of chemotherapy in the vitreous.
Complications of periocular chemotherapy include orbital and eyelid oedema and ecchymosis, orbital fat atrophy, muscle fibrosis leading to strabismus, and optic atrophy. 63 Long-term observations on complications have not been published.
Intravitreal chemotherapy
Intravitreal chemotherapy for retinoblastoma was initially explored in the 1960s using thiotepa. 64 Ocular toxicity was established in rabbit eyes. 64 Inomata and Kaneko 65 found melphalan to be the most effective chemotherapeutic agent against retinoblastoma based on in vitro testing of 12 agents and a dose of 4 mg/ml achieved complete tumour suppression. In their rabbit model, a concentration of 5.9 mg/ml showed no retinal toxicity and this correlates to human vitreous doses of 20-30 mg, depending on globe size. 66 Ghassemi and Shields 69 evaluated 12 eyes treated with intravitreal melphalan for recurrent vitreous seeds following previous therapies of IVC and IAC. Eyes treated with low-dose melphalan (8-10 mg) showed less control and minimal side effects, whereas those treated with higher doses (30-50 mg) showed excellent control, but the 50-mg dose was toxic with persistent hypotonia and phthisis bulbi. There was no extraocular tumour seeding.
The role of intravitreal chemotherapy is yet to be defined, but it could be important as second-line therapy for recurrent vitreous seeding. In addition, it might be considered with systemic IVC during first-line therapy if vitreous seeding persists while on IVC.
Conclusion
In summary, before embarking on chemotherapy for retinoblastoma, the diagnosis should be unequivocally confirmed by clinical examination and testing. There are several chemotherapy approaches to retinoblastoma. In general, most children with bilateral retinoblastoma receive systemic IVC for ocular tumour control and prevention of metastasis, pinealoblastoma, and longterm second cancers. For unilateral retinoblastoma, IAC provides excellent control with minimal systemic effect. Periocular chemotherapy is used in conjunction with IVC to enhance dose at the eye in advanced cases. Intravitreal chemotherapy is currently reserved for those eyes with recurrent vitreous seeds following incomplete control with other methods. 
Complications ocular 
